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[57] ABSTRACT 
Polyhalobenzylic disulfooxonium compounds of the 
type 

so,- ' 

' HaImArIiCI-IzO’r/ :I \sozy n 

in which " " ‘ ‘ 

Ar is an aromatic nucleus, 
I-Ial is ?uorine, chlorine, bromine and iodine, 
Y is ?uorine, chlorine‘, bromine and hydroxyl, 
n is l-3, and _ 
n + m equals 6 

react with aromatic hydrocarbons under mild reaction 
conditions to afford high yields of aralkylated deriva-_ 
tives useful as pesticides, ' > - 

7 Claims, No Drawings 
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ARALKYLATION OF AROMATIC 
HYDROCARBONS 

RELATED APPLICATIONS 

This application is a continuation-in-part of applica 
tion Ser. No. 123,014, ?led Mar. 10, 1971 by Victor 
Mark and Leon R. Zengierski. 

BACKGROUND OF THE INVENTION 

Polyhalobenzylhalides have been employed in the 
past to aralkylate aromatic hydrocarbons. For example, 
benzylpentachlorobenzene has been produced by reac 
tion of pentachlorobenzyl chloride with benzene in the 
presence of aluminum chloride Friedel-Crafts catalyst 
at 60°C. to‘ afford a 56 percent yield of the desired 
product. S. D, Ross et a1, J.A.C.S. 71, 1949, pp. 
2,756-.2,758. 

BRIEF DESCRIPTION OF TlIE INVENTION 
Although sulfur trioxide is recognized as a strong oxi 

dant, it has not been used extensively due to its random 
reaction pattern with hydrocarbons. With paraf?ns and 
ole?ns, the reaction product with sulfur trioxide is a 
messy, intractable, dark mixture of oxidation, conden 
sation, polymerization, sulfonation and sulfation prod 
ucts, demonstrating the uncontrollability of the reac 
tion. In contrast, as an aromatic sulfonating agent and 
as a sulfating agent for alcohols, sulfur trioxide is used 
extensively, these reactions being well developed and 
decurnented. > , ‘ ‘ 

It has been discovered that sulfur trioxide may be 
used in oxidation and insertion reactions in the absence 
of uncontrollable competing reactions to afford a novel 
class of oxonium inner salts, the disulfooxonium type 
inner salts, which are completely stable but highly reac 
tive compounds. _ _ ' 

The novel class of halogenated organic compounds 
are useful for the preparation of a variety of haloge 
nated products, which in turn are useful as monomer 
precursors for polymer additives, especially to provide ‘ 
?re resistance, as pesticides and as chemical intermedi 
ates. 
More particularly, the- polyhalobenzylic disulfoox 

onium compounds can be represented by the generic 
formula: ~ ‘ 

v s 03 'HalmAr|:CHgO+/ ] 
\S OzY n 

wherein: 7 

Ar is‘an aromatic nucleus 
Hal is a halogen selected from the group consisting 
of ?uorine, chlorine, bromine and iodine; 

Y is a substitutent selected from the group consisting 
of ?uorine, chlorine, bromine and hydroxyl; 

m and n are intergers so selected that their sum is the 
number of substitutable positions of Ar. 

The aromatic nucleus Ar is intended for the purpose 
of this disclosure to embrace the ring structures of ben 
zene, naphthalene, arthracene, phenanthrene and py 
rene. Thus, Ar is an aromatic hydrocarbon moiety con 
taining from 1 to 4 rings, each ring containing 6 nuclear 
carbon atoms in which each substitutable hydrogen on 
the ring has been replaced by a halogen. 
This novel class of disulfooxonium compounds is ob 

tainable, as disclosed in parent case Ser. No. 123,014 
by the reaction of the appropriate halogenated aro 
matic compounds with reagents containing sulfur triox 
ide such as neat sulfur trioxide proper. sulfuric acid so 
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2 
lutions of S03 (oleum), sulfur trioxide adducts, such as 
those with dioxane and amines and chlorosulfonic and 

v ?uorosulfonic acids. 

The following chemical equations illustrate some of 
these reactions: 

A very signi?cant aspect of the invention is the discov 
ery that the reaction with sulfur trioxide and sulfur tri 
oxide containing reagents can be carried out with con‘ 
comitant oxidation of the side chain of the aromatic 
substrates. The signi?cance of this ?nding lies in the 
fact that even methyl groups on the aromatic nuclei can 
be readily and quantitatively oxidized and transformed 
into products represented by the generic formula su 
pra, with Y being hydroxy in this case. In these reac» 
tions one mole of sulfur trioxide‘ per methyl group is ‘ 
used up in the oxidation step proper, yielding one mole 
of sulfur dioxide, as illustrated by the following reac 
tions: 

Br flit 
Br—— -—CH7OII+OI6UIT1 -——-> 

Br Br 
Br Br 

I I Soa 

B..- Q was 
a l ' SOzOH 

Br Br 
C1 C1 

c1-< 0 >-CH2C1 
+2CISO3H —» 

1 
C1 C1 

C1 G1 
I Soa 

c1- 0 -om~6 +2H0l 
S0201 

The wide scope of these reactions is indicated by the 
large variety of halogenated aromatic compounds 
which readily undergo these transformations and yield 
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a multitude of useful products. Derivatives of all four 
of the common halogens are equally suitable as starting 
materials, if they are present in the form of mono-, di 
or polynuclear aromatic compounds. The latter two 
classes comprise both isolated and fused ring aromatic 
species, some of which are listed below and in the de 
tailed examples. All of these halogenated aromatic 
compounds carry one or more side chains consisting of 
methyl, halomethyl or hydroxymethyl substituents. As 
representatives of the multitude of substrates suitable 
for the preparation of the oxonium compounds covered 
by this invention the following compounds can be 
listed: Penta?uorotoluene, tetra?uoro-o-xylene, tri 
fluoromesitylene, pentachlorotoluene, pentachloro 
benzyl chloride, tetrachloro-m-xylene, trichlorop 
seudocumene, apt’,2,3,5,6-hexachloro-p-xylene, pen 
tachlorobenzyl alcohol, heptachloro- 1 -methyl 
napthalene, heptachloro-2~methylnapthalene, hexachl 
oro-2,7-dimethyl-naphthalene, octachloro-9,10 
dimethylanthracene, octachloro-4,4’ 
dimethylbiphenyl, pentabromotoluene, pentabromo 
benzyl ?uoride, tetrabromo-p-xylene, l,3,5,7 
tetrabromo-2,6-dimethyl-naphthalene, tribromomesi 
tylene, dibromodurene, pentaiodotoluene, pentaiodo 
benzyl ?uoride, tetraiodo-o-xylene, tetraiodo-m 
xylene, a,a’-dichloro-2,3,5,6-tetraiodo-p-xylene, trii 
odomesitylene, 2-chloro-3,4,5,?-tetrabromotoluene, 
2-chloro~3,4,5,6-tetraiodotoluene, 2-chloro-3,5,6-tri 
bromo-4-iodotoluene, 2,5-dibromo-a,a',3,6~tetra 
chloro~p-xylene. The reactions of many of these aro 
matic compounds are treated in detail in the speci?c 
examples shown later. 

As a result of the wide range of reactivities of both 
the aromatic reactants and the sulfur trioxide contain 
ing reagents a rather wide range of the desirable reac 
tion temperature exists. While formation of the 0x0 
nium compounds from benzylic alcohols can take place 
as low as —80°C, reactions involving concomitant oxi 
dations are best carried out above 0°C., often at the 
boiling point of liquid S03, between 45° and 50°C., and 
with less reactive compounds, up to and in some in 
stances about l50°C. The judicious selection of the 
proper 50;; containing reagent usually obviates the use 
of a foreign solvent and often it is advantageous to use 
an excess of liquid $03 (which is a good solvent) or sul 
furic acid (which is a liquid vehicle). A small amount 
(5-10 percent of concentrated sulfuric acid, when 
added to liquid sulfur trioxide, has often a bene?cial 
effect in increasing the rate of the oxidation of the aro 
matic substrate. In a few cases where needed or where 
beneficial, solvents not affected or not readily attacked 
by the sulfur trioxide species can be employed. Most 
often ?uorinated aliphatic halocarbons, such as tri 
chloro?uoroethane, trichloro?uoromethane and 1,1 
di?uorotetrachloroethane can be employed. The reac 
tions are carried out usually at atmospheric pressure, 
followed if desired by the application of vacuum to re 
cover excess liquid sulfur trioxide. When the reaction 
is accompanied by an oxidation step provisions should 
be made for the removal of the gaseous sulfur dioxide 
coproduct. 

The polyhalobenzylic disulfooxonium compounds 
thus prepared serve as reactants for the production of 
diarylmethane derivatives in accordance with the rep 
resentative reactions: 
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(1) c1 c1 
1 S03- _____ 

o1— —om—0 +< e~ » 

$0,011 
Cl Cl - 

Cl Cl 
l l 

. | 
Cl 01 

(2) 
oi or 

—03s\ <__l /so3— __ + 

O—-CHz— —OH20 +2< > --> / Q \ Q 
Hoots | (l) sozoH, 

c1 1 

2@ *e 
oi 01 

l l 

@—m~@~w@ a. l 

__m"“" “err-7'» Cl. .Ql as... (3) S01‘ ' 

CH 6/ 2 
\ 
SOZOH 

c1-- 01 
.+ 3 __, 

HzC CH2 
+1 1+ 

—03s*0 0—s02— 
l Cl l 

HOOzS $02011 

Thus, the products of the process of this invention 
may be described generically as 

HalmAr(Cl-l2Ar’ ),, 
where Hal, Ar, m and n are defined above. Suitable Ar’ 
moieties include a wide range of aromatic compounds 
which contain at least one hydrogen available for the 
substitution reaction. Thus, aromatic substrates include 
mono-, di- and polyhalobenzenes, such as fluoroben~ 
zene, chlorobenzene, o-dichlorobenzene, p 
dichlorobromobenzene, 1,2,4-trichlorobenzene, bro 
mobenzene, p-chlorobromobenzene, iodobenzene; 
mono-, di- and polyalkylbenzenes, such as toluene, xy 
lenes, mesitylene, pseudocumene, durene, ethylben 
zene, isopropylbenzene, tert-butylbenzene, o 
chlorotoluene, dodecylbenzene; isolated and fused di 
and polycyclic aromatic compounds, such as biphenyl, 
naphthalene, anthracene, phenanthrene, pyrene, l 
chloronaphthalene, 9,10-dichloroanthracene, triphe 
nylmethane, indene and indane. 

These raction, characterized by high conversion and 
purity of the products, take place in analogous fashion 
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with various mono-, di-, and tri-oxonium compounds as 
well as other halogenated aromatic compounds and are 
eminently suitable for preparative (manufacturing) 
processes. The variety of mono-, di- and polyfunctional 
end products of these reactions ?nd uses as additives to 
polymers which they render ?re resistant by virtue of 
their high halogen content, as monomers for the prepa 
ration‘ of a variety of polymeric systems, as chemical 
intermediates and as pesticides. 
Thus, the process of the instant invention produces 

compounds of special interest of the type 
HalmAr(CH2Ar’ ), 

V in which 

Ar is a mono- or polynuclear aromatic hydrocarbon 
moiety of l to 4 six carbon rings; ‘ 

Ar’ is a mono- or polynuclear aromatic hydrocarbon 
moiety of 1 to 4 six carbon rings in which from O 
to 3 ring substituents are selected from the group 
consisting of -Cl, —F, —Br, and —I and alkyl of 
l to‘ 12 carbon atoms; 

Hal is selected from the group consisting of —Cl, 
—»Br, —F and —-I; 

n is a number 1, 2 m3; with the proviso, that when 
n is 1, one of Ar and Ar’ is polynuclear or Ar’ is 
phenyl containing from 1 to 3 ring substituents se 
lected from the group consisting of —Cl, —F, —Br, 
—I, and alkyl of l to 12 carbon atoms; 

m and n together equal all substitutable positions of 
Ar. ' 

More specifically, the compounds of this invention 
are of the formula: 
HalmAr(CH2Ar'),, 

in which “ v 

' Ar is an aromatic —moiety selected from the group 
consisting of the benzene, naphthalene, anthra 
cene, phenanthrene‘an'd pyrene hydrocarbons; 

Ar’ is an aromatic moiety selected from the mono 
nuclear members benzene, indane and indene and 
the polynuclear members biphenyl, triphenylmeth 
ane, naphthalene, anthracene, phenanthrene and 
pyrene hydrocarbons; 

Hal is selected from the group consisting of -~Cl, 
—-Br, —F and I; ‘ 

‘ n is one of the "numbers 1, 2 and 3 providing that 
" . when Hal is Cl, Ar is other than the benzene nu 

. cleus. ' . 

The compounds of the formula Hal,,,Ar(CH2Ar’),, 
may be produced by merely contacting one of the disul 
fooxonium compounds disclosed in parent application 
Ser. No. 123,014 with an aromatic compound contain 
ing a substitutable nuclear hydrogen atom of the for 
mula HAr' at a temperature between about .—50° and 
about I60°C. At temperature within the range of ambi 
ent temperature to about 100°C, the reaction of the 
disulfooxonium salts with aromatic compounds con 
taining substitutable hydrogen is spontaneous with a 
concomitant reaction exotherm. Thus, cooling may be 
employed to avoid the production of excessively high 
reaction temperatures. Generally, it is preferred to em-. 
ploy an inert diluent as the reaction medium. Where 
the aromatic reactant HAr' is liquid, it is most pre 
ferred to employ an excess of that reactant as the inert 
diluent. However, when the organic reactant HAr' is 
not a liquid, other inert diluents may be employed, gen 
erally the preferred diluents are the ?uorinated ali 
phatic halocarbons such as tri?uorochloromethane, tri 
chloro?uoroethane, l ,l di?uorotetrachloro'ethane, and 
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At the completion of the reaction of the disulfoox 
onium salt with an aromatic reactant, water is added to 
the reaction product to isolate a water insoluble reac' 
tion product. In order to remove any excess aromatic 
reactant or liquid diluent, the water insoluble reaction 
product of this invention may be steam stripped. Actu 
ally, a steam-stripping operation may serve to simulta 
neously remove excess aromatic reactant or diluent 
while providing water to separate the water insoluble 
reaction product and hydrolize any excess disulfoox 
onium salt present in the product, to form sulfuric acid 
which is readily removed from the water insoluble 
product by known methods. 
The products of the aralkylation process of the in 

stant invention always contain the HalmArCl-h - func 
tional group of the parent disulfooxonium reactant as 
a nuclear substituent of the Ar’ aromatic nucleus. 
Thus, the products of this invention present valuable 
additives for polymers to impart ?re resistance to the 
resulting polymer as well as chemical intermediates for 
the production of various other compounds as well as 
pesticidal derivatives. Due to the high halogen content 
of the aralkylated derivatives of this invention, the 
?ame or fire retardant activity may be, by the appropri 
ate selection of a reactant l-lAr', tailored for use with 
a speci?c polymer or resin. 
The following examples are given for purposes of il~ 

lustration of this invention and are not to be construed 
as limiting it except as set forth in the claims. Examples 
1-l6 present representative preparative procedures for 
illustrative disulfooxonium reactants for use in the pro 
cess of this invention. Examples‘l7-2l illustrate the 
facile alkylation reaction of this invention. ‘ 

EXAMPLE 1 

Preparation of 2,3,4,5,6-pentachlorobenzyldisulfoox 
onium hydroxide inner salt from pentachlorotoluene 
and sulfur trioxide ' 

Cl (El 
Cl -—CH3 + 3503 ————-—* 

1 1 S03“ 

Liquid sulfur trioxide, (200 ml, 385 g) was added to 
26.4 g. , (0.1 mole) of pure 2,3,4,5,6 
pentachlorotoluene (mp 224°—225°C) placed in a 500 
ml 3-neck tared ?ask provided with stirrer, thermome 
ter and re?ux condenser the end of which was attached 
to a bubble counter so that the rate of gas evolution 
during the reaction can be visually estimated. External 
heat was applied to the ?ask to bring the sulfur trioxide 
to re?ux. Soon a light blue color developed, which 
turned gradually deeper to a vivid royal blue. The color , 
change was accompanied by gas evolution which was , 
identi?ed as'sulfur dioxide. The steady‘ gas evolution, 
which began after 10 minutes of‘ re?ux, lasted for 2-3 
hours, after which it became gradually slower and the 
reaction mixture gradually acquired a dark green-grey 
color. The weight of the reaction mixture at this time 
indicated a loss of 6.9 g, as compared to the theoretical 
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loss of 6.4 g, corresponding to one mole of sulfur diox 
ide evolved. The excess of sulfur trioxide, which acted 
also as a solvent during the reaction was distilled off 
first at atmospheric pressure, then under aspirator vac 
uum at a temperature not exceeding 70°C. The weight 
(45.2 g) of the product, a greenish-grey solid, indicated 
the C7H3Cl5O7S2 composition and this was con?rmed 
by its hydrolysis which yielded 0.2 moles of sulfuric 
acid and 0.1 mole of pentachlorobenzyl alcohol, identi 
?ed by elemental analysis, infrared spectroscopy, melt 
ing point and nuclear magnetic resonance spectroscopy 
(see Example 23). The evolvement of the reaction was 
also followed by nuclear magnetic resonance (nmr) 
spectroscopy which indicated that even in the early 
stages of the reaction the characteristic proton reso 
nance of pentachlorotoluene at 2.52 ppm down?eld 
from tetramethylsilane (TMS) completely disappeared. 
Instead, a new peak at 4.55 ppm appeared, which is as 
signable to the radical cation formed from penta 
chlorotoluene by the loss of one electron. During the 
re?uxing ans sulfur dioxide evolution period two addi 
tional peaks developed in increasing intensities and in 
approximately in a 2:1 ratio at 6.29 and 9.21-9.60 ppm 
(the latter is somewhat variable during the reaction). 
The former corresponds to the two benzylic hydrogens 

20 

adjacent to the oxonium moiety and the latter corre- . 
sponds to the acidic proton of the sulfuric acid moiety. 
The intensity of the peak corresponding to the radical 
cation, which accounts for the intense blue color, di 
minishes to a few percent after 2 hours of re?ux and the 
intensities of the protons of the oxonium compound be 
come constant after this period. 

EXAMPLE 2 

Preparation of pentachlorobenzyldisulfooxonium hy 
droxide inner salt from pentachlorobenzyl alcohol and 
sulfur trioxide - ' 

01 

The procedure of Example 1 was repeated, except 
that the equivalent amount (28.0 g) of pentachloroben 
zyl alcohol, mp l95°-l96°C. was substituted for penta 
chlorotoluene. ln contrast to the former case only a 
transient blue color appeared which on re?ux turned 
greyish green, but there was no gas evolution. The iden 
tity of the product with that of the former example was 
established by nuclear magnetic resonance, which 
showed the two peaks of the oxonium compound. 

EXAMPLE 3 

Preparation of pentachlorobenzyl(chlorosulfonyl)sul 
fooxonium hydroxide inner salt from pentachloroben 
zyl chloride and sulfur trioxide 
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The procedure of Example 1 was repeated, except 
that the equivalent amount (29.9 g) of pentachloroben 
zyl chloride, mp 100°— 1 O 1 °C, was substituted for penta 
chlorotoluene. A 10 minutere?uxing period suf?ced to 
convert the halide into the halooxonium compound, 
without gas evolution and without the occurrence of a 
highly colored solution. The chemical shift of this oxo 
nium compound was at 6.35 ppm in 50;, solution. 

EXAMPLE 4 

Preparation of the sulfooxonium compounds from pen 
tabromotoluene and sulfur trioxide 

Br Br 
Br —CHJ + aso3 —> 

Br Br 7 

Br Br 

i /S 0.1“ 
Br— ._.CHT___6 . + 802 

l S 02011 
.2 Br Br H 7 < I‘ 

When the procedure of Example 1 was repeated with 
the substitution of 48.7 g 2,3,4,5,6-pentabromotoluene 
(mp 284°—286°C.) for pentachlorotoluene, gas evolu 
tion and the development of a dark green color accom 
panied the formation of the oxonium compound which 
was obtained in quantitative yield. 

EXAMPLE 5 

Preparation of the monooxonium compound from pen 
ta?uorotoluene and sulfur trioxide 

F F 
l l 

F F 

F F 
i 503' 

The procedure of Example 1 was repeated except 
that 18.2 of 2,3,4,5,6-penta?uorotoluene bp 
ll7°—ll8°C, n1,20 1.4023, was substituted for penta 
chlorotoluene and that the re?uxing period was ‘ex 
tended to 6 hours. The originally colorless solution 
after 3 hours turned deep red and the methyl protons 
at 2.44 ppm disappeared, giving rise to the methylene 
protons at 6.05 ppm and the acid proton at 9.58 ppm. 

EXAMPLE 6 

Preparation of 2,3,4,5-tetrachloro(p 
phenylenedimethylene)-bis(disulfooxonium dihydrox 
ide)bis(inner salt) from 2,3,5,6-tetrachloro-p-xylene 
and sulfur trioxide ' 
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The procedure of Example I was repeated, except 
that 24.4 g of 2,3,5,6-tetrachloro-p-xylene, mp. 
2l8°-2l9°C. was substituted for pentachlorotoluene. 
The oxidation step of the xylene was apparently faster 
than that of the toluene as judged by the vigor of the 
sulfur dioxide evolution on re?uxing the purple solu 
tion of the radical cation. After a re?uxing period of 
0.5 hour only 5 percent radical cation was left in solu 
tion, which contained 95 percent of the dioxonium 
compound, characterized by the proton nuclear mag 
netic resonance peaks at 6.36 and 9.73 ppm in the cor 
rect 2:1 ratio. Distillation of the excess of sulfur triox 
ide resulted in a 93 percent efficiency in its recovery 
and the isolation of the dioxonium compound in‘ 93 
percent yield. In addition to the nuclear magnetic reso 
nance data given above the new product was charac ter 
ized also by the quantitative analysis of its hydrolysis 
products, which included four mole equivalents of sul 
furic acid and one mole equivalent of tetrachloro-p 
xylene diol. 

EXAMPLE 7 
Preparation of the dioxonium compound from 
2,4,5,6—tetrachloro-m-xylene and sulfur trioxide 

The procedure of Example 6 was repeated, except 
that 2,4,5,6-tetrachloro-m-xylene, mp. 220°—222°C., 
was substituted for the para isomer. The oxidation of 
the chlorocarbon occurred readily and was essentially 
complete after one hour of re?uxing period, when the 
nuclear magnetic resonance of the purple solution indi 
cated the absence of any starting material, the presence 
of only 2.5 percent of the radical cation (chemical shift 
at 4.68 ppm down?eld from the references tetrame 
thylsilane and the presence of the dioxonium com 
pound in 97.5 percent abundance, as indicated by the 
chemical shifts at 6.40 and 9.83 ppm in the correct 2:] 
ratio. Further identi?cation of the novel compound was 
done by elemental and spectral analysis of its hydrolysis 

' products, whichincluded, after the stripping of the ex 
cess of sulfur trioxide, four moles of sulfuric acid and 
the formation of one mole equivalent of tetrachloro-m 
xylene diol. 

ll) 
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10 
EXAMPLE 8 

Preparation of the dioxonium compounds from 
3,4,5,6-tetrachloro-o-xylene and sulfur trioxide 

oi oi 

- l l T03‘ 
01- -CH3 c1- ~om-o_s02on 

, + 0503 --+ + + 2502 

c1- wont c1- —-GH2—(\)—S0,O1I 
S03‘ 

c1 or 

The procedure of Example 6 was repeated except 
that 3,4.5,6-tetrachloro-o-xylene,. mp. 226°-228.5°C., 
was substituted'for the para isomer. The formation of 
the radical cation and of the dioxonium compound oc~ 
curred readily as evidenced by the immediate develop 
ment of a deep purple solution and the copious evolu 
tion of sulfur dioxide on heating. Identi?cation of the 
dioxonium compound was done as in the previous ex 
amples, except that on hydrolysis only three equivalent 
moles of sulfuric acid were produced, in addition to 
one mole equivalent of the cyclic sulfate of tetra 

chloro-o-xylenediol (see Example 31). The presence of 
the dioxonium compound, as shown in thetitle struc~ 
ture, was diagnosed directly be proton nuclear mag 
netic resonance, which identi?ed the benzylic protons 
by a singlet at 6.32 ppm and the acidic protons at 9.99 
ppm in the correct 2:1 ratio. 

EXAMPLE 9 

Preparation of the dioxonium compounds from 
2,3,5,6-tetrabromo-p-xylene and sulfur trioxide 

The procedure of Example 6 was repeated except 
that 42.2 g vof 2,3,5,6-tetrabromo-p-xylene, mp 
25l°—252.8°C., was substituted for the corresponding 
tetrachloro compound. The oxidiation of the chloro 
carbon occurred readily as evidenced by the formation 
of a deep blue-green slurry, indicative of the radical 
species, and by theevolution of sulfur dioxide. Proton 
nuclear magnetic resonance of the sulfur trioxide solu 
tion showed even only after one hour of reaction time, 
the absence of starting material (by the absence of the 
methyl protons at 2.79 ppm) and the presence in 98 
percent of the dioxonium compound by the presence of 
the benzylic protons at 6.66 ppm and of the acidic pro 
tons at 9.96 ppm, in the correct 2:1 ratio, and the pres 
ence of only 2 percent ‘of the radical species by a peak 
at 4.74 ppm. Hydrolysis of the highly reactive diox~ 
onium compound, a dark, solid product yielded four 
mole equivalents of sulfuric acid, as evidenced by titra 
tion, and one mole equivalent of 2,3,5,6-tetrabromo~p 
xylene-l ,4-diol. 
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EXAMPLE 10 

Preparation of the dioxonium compound from 
2,4,5,é-tetrabromo-m-xylene and sulfur trioxide 

The procedure of Example 9 when applied to 
2,4,5,o-tetrabromo-m-xylene, mp 25 l‘_’—252°C., yielded 
the corresponding dioxonium compound, as evidenced 
by its isolation as a reactive solid material in quantita 
tive yield as well as by its hydrolysis, again in quantita 
tive yield, to four mole equivalents of sulfuric acid and 
one mole equivalent of 2,4,5,6-tetrabromo-m-xylene 
1,3-diol. 

EXAMPLE 1 1 

Preparation of the dioxonium compound from 
2,3,5,6-tetraiodo-p-xylene and sulfur trioxide 

I I 
I l 

oH3-@-om + 6803 ———> 
| . 

I I 

I I 
035- l l /s or 

\6-—CH2—@—CH2—6\ + 25 02 HOaS/ I I s 02011 

Repeating the procedure of Example 6 with 61.0 g of 
2,3,5,6-tetraiodo-p-xylene, mp 245°-247°C., in place 
of the tetrachloro analog resulted in the facile oxida 
tion of the iodocarbon and the formation of the diox 
onium compound in quantitative yield. 

EXAMPLE 12 

Preparation of the dioxonium compound from 1,357 
tetrabromo-2,6-dimethylnaphthalene and sulfur triox 
ide 

' Br 

I 

Br—- —CH3 
0 + as 03 ———> 

our —Br 

I 
Br 

Br 
I S 03' 

Br— 0 41112-6 + 2802 
s 0 OH 

—o3s-(?-oH2— Q —Br 2 
S 02011 | 

Br 

When the procedure described in Example 9 was re 
peated with the replacement of the tetrabromoxylene 
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E2 
with 47.2 g of l,3,5,7-tetrabromo-2,6-dimethylnaph 
thalene, mp 226°—229°C., the formation of the diox 
onium compound occurred readily in the fashion de— 
scribed in the previous examples. 

EXAMPLE 13 

Preparation of 2,4,6-tribromo s-phenyltris(methylene) 
tris [disulfooxonium] trihydroxide tris(inner salt) from 
2,4,6-tribromomesitylene and sulfur trioxide 

CH3 
I 

Br— 
0 + 9803 ———> 

CH3 —CH3 

l 
Br 

-OaS S OzOH 
+ 

‘3 
CH2 

| 
Br— —Br 

+ 38 Oz 

“OaS—O-—CHg— —C Hg 
+ 

S OzOH 1 0-5 OZOH 
Br l 

"033 

The procedure described in Example 9 was repeated, 
except that the tetrabromo-p-xylene was replaced with 
35.7 g of2,4,6-tribromomesitylene, mp 2l5°—2l7°C. A 
very facile oxidation of the bromocarbon occurred with 
copious evolution of sulfur dioxides, resulting in the 
formation of the trioxonium compound in quantitative 
yield. 

EXAMPLE 14 

Preparation of the dioxonium compound from 2,35,6 
tetrachloro-p-xylene-l ,4~diol and sulfur trioxide 

The dissolution of 27.6 g of 2,3,5,6-tetrachloro-p 
xylene-1,4-diol in 100 ml ( 197 g) of liquid sulfur triox 
ide took place without the evolution of sulfur dioxide, 
which did not commence even after 3 hours of re?ux 
ing. Stripping of the excess of sulfur trioxide resulted in 
the isolation of the dioxonium compound identical with 
the one obtained in Example 6. 

EXAMPLE 15 

Preparation of 2.3.5.6-tetrachloro (p 
phenylenedimethylene) bis (chlorosulfonyl)sulfoox 
onium dihydroxide bis(inner salt from 
01,01’,2,3,5.6-hexachloro-p-xylene and sulfur trioxide 
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The procedure of Example 3 was repeated except 
that 31.3 g of a, a',2,3,5,6-hexachloro-p-xylene, mp 
179°-181°C, was substituted for pentachlorobenzyl 
chloride. Although a deep purple solution was formed, 
no evolution of sulfur dioxide occurred. The deep pur 
ple component of the reaction mixture was identified 
as the benzylic radical by its nuclear magnetic reso 
nance peak at 4.69 ppm whereas the dioxonium com 
pound was also identi?ed by its chemical shift at 6.41 
ppm, as well as by its hydrolysis in quantitative yield to 
four equivalent moles of sulfuric acid, ‘two equivalent 

1 moles of hydrochloric acid and one equivalent mole of 
2,3,5 ,6-tetrach1oro-p-xylene- 1 ,4-diol. 

. EXAMPLE 16 

Preparation of the dioxonium compound from 
01,01’,3,4,5,6-hexachloro-o-xylene and sulfur trioxide 

The procedure of Example 3, when applied to 31.3 
g of 01,01’,3,4,5,6-hexachloro-o-xylene, mp 92°-92.5°C, 
yielded an intensely purple solution but essentially no 
sulfur dioxide evolution even during a re?uxing period 
of 3 hours. The intermediate biradical was identi?ed by 
its nuclear magnetic resonance peak at 4.65 ppm (pres 
ent in about 8-10 percent abundance in the reaction 
mixture), whereas the dioxonium compound (90-92 
percent of the reaction mixture) had the chemical shift 
of its protons at 6.31-6.33 ppm. After the stripping of 
the excess of sulfur trioxide, the dioxonium compound 
was obtained as a darkamber colored viscous oil in 
quantitative yield (63.5 g) and was further identi?ed by 
its hydrolysis to three mole equivalents of sulfuric acid, 
two mole equivalents of hydrochloric acid and one 
mole equivalent of the cyclic sulfate of 3,4,5,6 
tetrachloro-o-xylene- 1 ,2-diol. 

EXAMPLE 17 

Preparation of 2,3,4,5,6-pentachlorodiphenylmethane 

The addition of the oxonium compound prepared in 
Example 1 to an excess (200 ml) of benzene, with cool 
ing and stirring, followed by the addition of water, sep 
aration of the two layers and stripping of the excess of 
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14 
benzene resulted in the isolation of a light brown solid, 
28.8 g, which, after recrystallization from ethanol and 
hexane, yielded white needles, mp 1 12.5°—1 135°C. El~ 
emental analysis, infrared and nuclear magnetic reso 
nance indicated that the product of this reaction is the 
pentachlorodiphenylmethane indicated in the title. The 
yield, accordingly, was 83 percent. The infrared max 
ima occurred at 3075, 3052, 3022, 2928, 2840, 1601, 
1542, 1495, 1450, 1438, 1360, 1352, 1337, 1310, 
1282, 1230, 1180, 1118, 1112, 11072, 1038, 946 884, 
776, 726, 692, 678, 638, 618, 602, 540, 522 and 448 
cm"1 in C2Cl, and CS2 solution. The methylene protons 
in the nuclear magnetic resonance scan in CDCl_-, 
solution were at 4.37 ppm as a singlet and the aromatic 
protons at 7.18 ppm as multiplets in the correct 2.5 
area ratio. 
Calculated for CmH7C15: 

52.07%. 
Found: C, 45.9; H, 2.1; C1. 51.1%. 

EXAMPLE 18 
Preparation of 2,3,5,6-tetrachloro-a,ct'-diphenyl-p 
xylene 

C. 45.85; H, 2.07; Cl, 

/ \ 
e | soar 

1 01 ‘ 

(I11 . (I), 

21120 --> @-onr@cm @ + 2112804 

When the dioxonium compound prepared in Exam 
ple 6 was added portionwise‘ and with cooling to an ex 
cess (200 m1) of benzene and the reaction mixture was 
worked up as in the preceding example, there was ob 
tained 21.6 g of a yellow solid, which after recrystalli 
zation from carbon tetrachloride, had an mp 
179.5°-181.0°C. Infrared, nuclear magnetic resonance 
and elemental analysis con?rmed its structure as that 
indicated in the title of this example. The infrared pa 
rameters, run in CZCI, and CS2 solutions, were at 3075, 
3052, 3022, 2922, 2835, 16001, 1498, 1452, 1430, 
1390, 1370, 1282, 1250, 1158, 1133, 1100, 1072, 
1029, 932, 883, 729, 693, 654, 618, 580, 524, 500 and 
447 cm". The benzylic hydrogens were found to reso 
nate in CDCl;, solution at 4.41 ppm and the aromatic 
protons at 7.20 ppm (as multiplets) in the correct 2:5 
area ratio. 

Calculated for C20HH, C14: C, 60.60; H, 3.53; Cl, 
35.87%. 
Found: C, 60.7; H, 3.6: Cl, 35.7%. 

EXAMPLE l9 

H035 

‘Preparation of al-(2,3,4,5,6-pentabromophenyl) xylene 

CH3 
Br Br I 

| l S 03“ 

Br—— -—CH2—O + + H2O ——> 

S 03H 
Br Br 

Br Br I 

l I ___ cm 

Br—@—-C1Iz—< O 5 + also. 1 
Br Br 
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The addition of the oxonium compound prepared in 
Example 4 to an excess of toluene, with cooling, and 
stirring, followed by the addition of water, separation 
of the two layers produced and steam stripping of the 
excess toluene, yields the desired product. 

EXAMPLE 20 

Preparation of 2,3,5,6-tetrabromo-a,a' di(2-p-xylyl)-p 
xylene 

Addition of the dioxonium compound of Example 9 
portionwise with cooling to a stoichiometric excess ‘of 
xylene affords, after workup as presented in the pre 
ceding example, the title compound. 

EXAMPLE 2 1 

Preparation of oz-( biphenylyl )-2 ,3 ,4,5 ,6 
pentachlorotoluene 

I I SOzH 
Cl Cl 

@eom - 
Cl Cl 

l | 
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The product of Example 3 is reacted with a stoichio 

metric excess of biphenyl with cooling and stirring in 
l,2-dichloroethane slurry. After the reaction had gone 
to completion, water was added to the reaction mixture 
to remove sulfuric acid. The two layers are separated 
and the excess biphenyl was removed from the inor 
ganic layer to yield the desired product as a mixture of ' 
isomers. 
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16 
What is claimed is: 
l. A process for the production of a compound of the 

formula: 

wherein 
Ar is an aromatic moiety selected from the group 
consisting of the benzene, naphthalene, anthra 
cene, phenanthrene and pyrene hydrocarbons; 

Ar’ is , an aromatic moiety selected from mono 
nuclear benzene indane, indene, and poly-nuclear 
biphenyl triphenylmethane, naphthalene, anthra 
cene. phenanthrene and pyrene hydrocarbons; 

Hall is selected from the group consisting of —Cl. 
—Br, —-F, and ——l, providing that when Hal is *Cl. 
Ar is other than the benzene nucleus; 

n is a number 1, 2 or 3; with the proviso, that when 
n is 1, one of Ar and Ar’ is polynuclear or Ar’ is 
phenyl containing from l to 3 ring substituents se 
lected from the group consisting of —Cl, —F, --Br, 
—] and alkyl of l to 12 carbon atoms; m and n 
together equal all substitutable positions of Ar 
which comprises introducing a compound of the 
formula 

S Or 

HalmAr CI'I20+ 

wherein Hal, m, Ar, and n are as before described and 
Y is fluorine, chlorine, bromine and hydroxy, into inti 
mate contact with HAr’ where H is a substitutable nu 
clear hydrogen atom of Ar’ at a temperature from 
about -—50° to about 160°C. 

2. The process of claim 1 in which the reaction mix 
ture produces a spontaneous exotherm at from ambient 
temperature to about 100°C. 

3. The process of claim 2 in which the reaction prod 
uct is treated with water after the completion of the re 
action exotherm, to isolate a water insoluble product. 

4. The process of claim 2 in which the reaction prod 
uct is steam stripped to remove any l-lAr’ excess pres 

em. 
5. The process of claim 1 in which the reaction is 

conducted in the presence of a liquid diluent. 
6. The process of claim 5 in which the liquid diluent 

is provided by an excess of I-lAr’. 
7. The process of claim 5 in which said diluent is at 

least one aliphatic halocarbon of the group consisting 
of F3CCl, CH2Cl2, Cl3C-CFH2, F2CCl CCl3. 
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